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Dredging: 
Innovative Technology 
Soil Separation Mobile Treatment Plant Demonstration, Bayport Confined Disposal
Facility, Green Bay, Wisconsin (ERDC/EL TR-02-38) 

ISSUE: Confined disposal facilities (CDFs) 
have historically been used for disposal of both 
clean and contaminated dredged material from 
navigational dredging projects. Many CDFs are 
nearing capacity. Removal of uncomtaminated 
materials from the CDFs is a viable option for 
extending the life of these facilities. This approach 
carries the additional benefit of producing a 
marketable product for beneficial uses, which can 
potentially help to offset the cost of processing. 

RESEARCH: The feasibility of physical 
separation as a volume reduction method has been 
demonstrated at several disposal facilities. A 
guidance document addressing principles of 
physical separation as they apply to soils and 
sediments, and identifying standard equipment, 
selection criteria, and potential sources was 
recently completed. Technical notes addressing 
recovery of materials from CDFs were also 
published under the Dredging Operations and 
Environmental Research (DOER) program. Work 
is ongoing at the U.S. Army Engineer Research 
and Development Center, funded under the DOER 
program, to develop bench-scale methods for 
economical preliminary feasibility evaluations. 

SUMMARY: Preprocessing and separation 
equipment were tested in a one-day demonstration 
at Green Bay, WI. A 24-in. (0.6-m) maximum 

density separator was used to separate sand from 
the bulk sediment. The target sand product 
specifications were less than 10 percent fines by 
mass and polychlorinated biphenyls (PCBs) 
concentrations less than 1 mg/kg. The underflow 
fraction averaged over 92 percent sand, as 
measured by a Coulter Counter. PCBs were 
reduced to 0.144 mg/kg PCB 1242 and 
0.0119 mg/kg PCB 1260 in the sand, from 
2.71 mg/kg and 0.145 mg/kg in the feed material, 
respectively. Based on statistical analysis of the 
results, the contaminant concentrations predicted 
for the sand fraction by the bench-scale testing 
were essentially equivalent to that achieved in the 
field operation. Distribution of metals was 
somewhat more variable than for PCBs, but 
metals were reduced by a factor of 2.6 to an order 
of magnitude in the sand fraction.  

AVAILABILITY OF REPORT: The report is 
available in .pdf format on the World Wide Web 
at: http://www.wes.army.mil/el/dots/doer/ and 
through Interlibrary Loan Service from the U.S. 
Army Engineer Research and Development 
Center (ERDC) Research Library, telephone (601) 
634-2355, or the following Web site: 
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1 Introduction 

Background 
Confined disposal facilities (CDFs) have historically been used for disposal 

of both clean and contaminated dredged material from navigational dredging 
projects where open-water disposal was not permitted.  Many CDFs are nearing 
capacity.  Removal of uncontaminated materials from the CDFs is a viable option 
for extending the life of these facilities.  This approach carries the additional 
benefit of producing a marketable product for beneficial uses, which can 
potentially help to offset the cost of processing.  Use of CDFs as rehandling 
facilities, with long-term storage for only the most contaminated sediments, is 
being investigated by the U.S. Army Engineer Research and Development Center 
(ERDC), in partnership with the U.S. Army Engineer District, Detroit, the Great 
Lakes National Program Office (GLNPO) of the U.S. Environmental Protection 
Agency (USEPA), and local port authorities.  

The feasibility of physical separation as a volume reduction method has been 
demonstrated at Saginaw Bay (USEPA 1994), the Erie Pier CDF, Duluth/ 
Superior Harbor (Olin and Bowman 1996) and Fort Myers, Florida (Granat 
1998).  Despite successful demonstrations at these locations and continued 
interest in the technology, physical separation has not yet been implemented as a 
standard operational practice, with the exception of the Erie Pier CDF.  In part, 
this is due to the lack of internal expertise regarding physical separation and 
feasibility determinations, the cost of feasibility evaluations, and equipment 
availability.   

A guidance document addressing principles of physical separation as they 
apply to soils and sediments, and identifying standard equipment, selection 
criteria, and potential sources was completed (USEPA 1999b).  Technical notes 
addressing recovery of materials from CDFs were also completed under the 
Dredging Operations and Environmental Research (DOER) program (Olin-Estes 
and Palermo 2000a,b; Olin-Estes 2000).  Work is ongoing at ERDC, funded 
under the DOER program, to develop bench-scale methods for economical 
preliminary feasibility evaluations.  While bench-scale testing is a necessary first 
step, the limited volume of material that can be tested with these procedures 
cannot provide information regarding the potential heterogeneities of large 
quantities of material.  Industry practice is to follow bench-scale testing with 
evaluation of an intermediate volume of material using a representative unit 
operation, such as a hydrocyclone.  If these results are promising, a preliminary 
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treatment train is assembled and pilot-scale testing is conducted in the field.  
Costs to contract intermediate and pilot testing are typically high given that 
mobilization/demobilization and equipment costs are relatively insensitive to the 
volume being processed, and most vendors cannot accept contaminated 
sediments for pilot testing in-house.  Availability of a mobile hydrocyclone unit 
could result in significant cost savings for feasibility evaluations and small-scale 
projects, and ultimately facilitate full-scale implementation of this technology.  
The long-term goal is assemble a mobile physical separation plant suitable for 
separation of sediments and dredged material to serve the Great Lakes CDFs.   

Questions remaining to be addressed before full-scale implementation is 
feasible include the following:   

a. The degree of bulking of residual materials, with and without flocculants, 
and the short- and long-term effects on CDF capacity recovery.   

b. Alternatives for dewatering residual materials to minimize bulking 
effects, and their cost, effectiveness, and effect on suitability of residual 
materials for beneficial uses.  

c. The relative benefit and feasibility of making finer separations (silt/clay) 
to recover additional material from CDFs.  

d. Evaluation procedures for determining the potential contaminant levels 
in fine residuals and the effect on the regulatory classification of these 
materials.  

e. Development of cost/benefit algorithms incorporating all of these 
considerations for economic feasibility evaluations. 

Project Objectives 
Identification and purchase of a portable hydrocyclone unit suitable for 

conducting separation feasibility evaluations and a small-scale field 
demonstration was the principal objective of this project.  While the predominant 
focus is coarse material recovery for beneficial use as beach nourishment and 
construction fill (typically requiring the material to contain less than 10-
15 percent fines), some beneficial uses will accommodate higher percentages of 
fine material.  The silt/clay separation is expected to be an important long-range 
objective in maximizing material recovery from CDFs for material in which the 
silt fraction is substantially less contaminated than the clay fraction. Separation 
capability at the sand/silt interface (approximately 75 microns) with the 
additional capability of a silt/clay separation (at 2-3 microns) were therefore the 
principal operating specifications. Additional criteria were (a) level of expertise 
required for operation, (b) auxiliary equipment required to support operation, and 
(c) material preparation required.  The equipment may also be used to address 
other information gaps, as previously described.   
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Identification of Available Equipment Types and 
Vendors 

A wide variety of equipment is marketed for size and density separations 
within the mining industry. However, the equipment is typically designed for 
coarser and higher density materials.  Although there is a significant body of 
knowledge pertaining to the principles of operation of individual pieces of 
equipment, there is little guidance in developing a treatment train for processing 
soils and sediments.  Fines, often termed slimes, are considered an operational 
problem in the mining industry, and are removed as a waste stream prior to 
making the principal separations. Contaminated sediment separations, however, 
involve making efficient separations near or within that “waste” fraction, and 
require the ability to handle and even recover the finest residuals.  The condition 
of the materials presented to the plant will be highly variable, depending upon 
whether they are consolidated materials excavated from a CDF, or mechanically 
or hydraulically dredged sediments processed at the time of disposal.  In situ 
water content may vary from 50 to 150 percent, presenting difficulty in handling 
and in processing through equipment designed for dry (less than 10 percent 
moisture content), or noncohesive, material.  Previous testing of laboratory-scale 
mining equipment has demonstrated that the feed limitations are not always well 
defined, and the normal operating parameters may not interface well with the 
separations of interest for soils and sediments.  Even among Architect/Engineer 
firms with experience in soil washing, assemblage of a treatment train appears to 
be something of an art, with the configuration varying depending upon specific 
site conditions.  The result is an unacceptable number of operational unknowns 
for the layman and highly localized expertise within the consulting industry, 
which ultimately translates to prohibitive cost.   

The significant objective of this phase of the project then was to evaluate 
how the equipment industry has responded to the potential in the sediment 
remediation arena:  identifying the critical core pieces of equipment necessary for 
the key separations of interest and the minimum necessary auxiliary equipment 
required in support.  The desired outcome is a portable testing unit that (a) is 
economical to purchase and operate, (b) can be supported with widely available 
equipment, (c) is adaptable to operational conditions and constraints at different 
facilities, and (d) is technically simple, operable by field personnel with a 
reasonable amount of preliminary instruction and technical support.  

Testing of Candidate Equipment 
The core unit to be evaluated under this project was a hydrocyclone 

separator.  Performance factors for the equipment considered for demonstration 
and purchase were as follows: 

a. The experience of the offeror in conducting size separation studies with 
dredged material and/or soil. 

b. Suitability of the equipment to separate sediment/soil at the 75-µm target 
size cutoff. 
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c. Capability to produce a dewatered coarse product. 

d. Suitability of the equipment to handle a variety of sizes and types of 
dredged material. 

e. Portability of the unit. 

f. Capacity of the unit. 

g. Cost of the unit. 

h. Cost of the demonstration. 

i. Auxiliary equipment and site preparation requirements and costs. 

j. Technical expertise required for operation. 

k. Compatibility of equipment capacity with available storage area, water 
handling capability, and material preparation and feed capability at the 
demonstration site. 

Preparation and auxiliary equipment requirements, adaptability, and technical 
expertise requirements were all relatively readily determined from 
product/offeror information and equipment design.  Feed sensitivity and 
separation efficiency are best evaluated based on a performance test.  It was 
anticipated that potential operational difficulties in this application and 
considerations of scale and logistics should come to light as a result of the 
demonstration.  Samples were to be taken over a reasonable operating period to 
permit an assessment of the efficiency of the unit in making the desired 
separation, response to feed variations (if any), and the variability of the product 
material.  A successful test would meet the separation criteria in a dewatered 
product, with a minimum of operational problems, at the specified efficiency.  
For the proposed demonstration, the specified cut point was 75 µm, with no more 
than 10 percent fines (percent by weight passing a No. 200 sieve) in the 
underflow. 
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2 Project Description 

The Bayport CDF in Green Bay, WI (Figure 1), was selected as the field 
demonstration site.  Green Bay is located on the eastern shoreline of Wisconsin, 
on Lake Michigan.  Approximately 115,000 cu m (150,000 cu yd) of sediment 
are dredged annually, to maintain the 29-km- (18-mile-) long shipping channel in 
the Port of Green Bay.  The Bayport disposal facility was filled to design 
capacity in the early 1970’s.  Brown County sought and received authorization to 
dispose of additional dredged material there.  Current operations involve 
mechanical dredging, with transport and offloading at the CDF by truck.  To 
extend the life of the facility as long as possible, material is periodically removed 
from the facility, following a period of dewatering.  The facility is divided into 
separate cells to permit offloading, dewatering, excavation, and stockpiling to 
occur concurrently.  The Brown County Port Authority has taken an active 
interest in innovative management alternatives for dredged material, and the 
Bayport CDF was also recently the site of a biotreatment demonstration. 

Project Activities 
ERDC physical separation equipment available for demonstration/testing 

support was inventoried and its operational status verified.  Response to an 
advertisement for technical support in identification of equipment alternatives 
and sources and development of a basic treatment train was limited (one firm 
responded) and exceeded the project budget for this task area.  An extensive in-
house effort was therefore initiated to locate off-the-shelf equipment, and to 
identify those firms with interest in conducting a small demonstration and with 
availability of suitable scale equipment for preliminary field evaluation.  Of the 
vendors contacted, only two indicated an interest in bringing equipment onsite 
for a small-scale demonstration:  Tri-Flo Industries, Ltd., of Conroe, TX, and 
MetPro Supply, Inc., of Bartow, FL.  Only one, MetPro Supply, responded to the 
advertisement for bids.   

Tri-Flo Industries manufactures mobile, self-contained, fluid-processing 
equipment.  Initially targeting the drilling industry, hydrocyclones mounted in 
series to a prefabricated header can be purchased, as well as complete, mobile, 
micro-fluid systems (MFS) designed for drilling mud recovery.  These systems 
include a sump, mud “guns” for maintaining sediment in suspension, a shaking 
screen, hydrocyclones, and pumps.  The configuration appears to have potential 
for sediment separation, but prescreening of gross oversize and slurrying of 
consolidated material would likely be needed to utilize the equipment as  
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presently equipped.  One advantage to the configuration was the potential for 
making the sand/silt separation on the screen, followed by a finer cut at the 
hydrocyclones, thus addressing both size separations of principal interest with 
one unit.  Tri-Flo also manufactures a mud pump that could be useful for 
excavating and slurrying consolidated material.  The mud pump is equipped with 
an integral screen that prevents the pump from picking up oversize particles.  
Principal limitations of the equipment were the potential for blinding of the 
screens, the inability of screens to separate coarse organic materials from coarse 
minerals, and the fact that this equipment has not been demonstrated for dredged 
material or sediments.   

MetPro Supply manufactures a self-contained maximum density separator 
(MDS) consisting of a trailer-mounted sump, slurry pump, and MDS.  Both 0.15- 
and 0.3-m (6- and 12-in.) MDS have been demonstrated on sediments in the U.S. 
Army Engineer District, Jacksonville.  Based on previous testing, MetPro 
recommended a 0.61-m (24-in.) MDS to produce a coarse fraction with less than 
10 percent fines entrained.  A 0.61-m (24-in.) MDS has a throughput of 
approximately 4.5 cu m (1,200 gal) per minute (approximately 68,039 kg 
(75 tons) solids per hour), and can accept particles up to 25-38 mm (1 – 1-1/2 in.) 
in diameter, thus simplifying prescreening.  Dry or slurried material could be fed 
to the sump, with adjustments to the volume of makeup water supplied.  The 
MDS differs from a conventional hydrocyclone in that a flexible sleeve is 
attached to the apex of the cone, and a vacuum is applied to the overflow line, 
thus restricting discharge of underflow until sufficient weight accumulates to 
force discharge.  This reportedly results in a higher solids underflow. 

Because of the potential variability in feed requirements, the offerors were 
tasked with providing the necessary auxiliary equipment to support the proposed 
separation unit, in effect developing a compatible treatment train.  Mechanical 
excavation and prescreening were to be handled by the Detroit District.  
Auxiliary equipment was located in the Green Bay/Milwaukee area.  A 
powerscreen for prescreening material; water supply pump; flexible, quick-
coupling water hoses; and generator were available and obtained as short-term 
rentals.  

Because the target separation of the proposed equipment was 75 µm, it was 
necessary to locate material containing sufficient sand to permit evaluation of the 
efficiency of the equipment in making this separation.  Based on anecdotal 
information, Cell 5 was initially identified as containing sandy material from the 
outer harbor.  Core and near-surface bulk samples were taken from Cell 5 for 
evaluation.  However, finer material had apparently been placed over the target 
material, and the near-surface dredged material contained little sand.  Additional 
samples were therefore taken for evaluation from Cell 4, where additional coarse 
material had recently been placed.  (This material was from an inner harbor 
dredging project, and may not be representative of outer harbor sandy sedi-
ments).1  Sampling, sample handling, and bench-scale testing are further detailed 
in subsequent sections of this report.  Approximately 380 cu m (500 cu yd) were 

                                                      
1 Dean Haen, Personal Communication, 5 November 2001, Port Manager, Brown County 
Port and Solid Waste Department (Port of Green Bay), Green Bay, WI. 
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also excavated from Cell 5 for evaluation of material handling properties and 
effects of debris on ease of excavation as part of a cooperative effort funded 
under the DOER program.  Some of this material was processed through the 
powerscreen to evaluate performance of a dry screen with wet of optimum 
material, and to evaluate the feasibility of feeding the hydrocyclone using 
mechanical excavation and prescreening.  A smaller volume of material was 
excavated from Cell 4 for comparative processing through the screen.  The 
remainder of the Cell 4 excavation was accomplished hydraulically, at the time of 
the demonstration. 

Field Sampling and Sample Handling 
Nineteen 25.4-mm- (1-in.-) diameter cores were taken from Cell 5 of the 

Bayport CDF (Figure 1) to assess moisture content of the material initially 
proposed for processing.  The cores were taken from along the truck dump and 
the south dike, areas accessible for mechanical excavation, using an AMS Soil 
Core Sampler with slide hammer, including stainless steel soil collector, and 
25.4- by 0.6-mm (1- by 24-in.) butyrate plastic liners with polyethylene caps. 
(Although 0.6-m (24-in.) tubes were used, in many cases only 0.15-0.5 m (6-
18 in.) of dredged material was recovered due either to the compressibility of the 
material or the inability to drive the sampler deeper.)  Five 19-L (5-gal) samples 
intended for bulk sediment chemistry and fractionation testing were taken along 
the same perimeter and placed in high-density polyethylene (HDPE) buckets, 
using a shovel decontaminated with acetone and distilled deionized (DDI) water 
between samples.  Each bucket was placed in a cooler and packed in ice for 
shipment.  Chain-of-custody forms were placed inside the coolers and coolers 
were sealed with tape and chain-of-custody seals. Chain-of-custody seals were 
intact upon receipt at the laboratory. Temperatures of the samples upon arrival 
were below 4 ºC (1.7 to 3.3 ºC), with the exception of Bucket 4, which was 5 ºC. 
Core samples were not intended for chemical analysis and were therefore not 
refrigerated.  They were left in the disposable plastic liners and shipped together 
in a cooler for later extrusion.  

Before samples were taken from Cell 4, representative material was screened 
in the field to verify the presence of sand.  Based on the field screening, the 
Cell 4 material along the northwest truck dump was roughly estimated to contain 
40 – 50 percent sand.  Samples were subsequently taken for laboratory analysis 
along the northwest truck dump (adjacent Cell 2), and along a radius from the 
southwest truck dump (adjacent Cell 5 and the road) toward the outlet.  Because 
this was a duplicate effort, a repeat full-scale sampling effort was not feasible.  
Smaller sample volumes were therefore obtained during a subsequent site visit 
and progress meeting.  

Twelve 0.9-L (1-qt) glass jars were obtained from Cell 4:  three for bulk 
chemical analysis (C4B1-C4B3), six for particle size analysis (C4P1-C4P6) from 
the perimeter of the northwest truck dump, and three (C4S1-C4S3) for particle 
size analysis along the inner radius.  Sample preservation and chain of custody 
were observed as for the Cell 5 samples.   
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Characterization and Bench-Scale Testing 
Cell 5 characterization and bench-scale testing 

The three 19-L (5-gal) samples taken from along the truck dump were mixed 
together (Buckets 1, 2 and 3 identified hereafter as Bulk 123 composite) and 
homogenized.  The two 19-L (5-gal) samples taken along the dike (Buckets 4 and 
5 identified as Bulk 45 composite) were also combined and homogenized.  Wet 
chemistry, moisture content, and particle size distribution were evaluated on both 
composites.  Because these parameters were relatively comparable for the two 
composites, one was selected for fractionation testing, rather than compositing 
the total volume.  Bulk 123 was selected because of the greater accessibility of 
the area from which those buckets were taken, and the greater likelihood that 
they would be excavated.  The cores were extracted from the plastic tubes, and 
samples were taken for water content analysis.   

Particle size analysis.  Subsamples of the Bulk 123 and Bulk 45 composites 
were analyzed on the Coulter particle size analyzer.  Both composites contained 
over 90 percent fines.   

Bulk sediment chemistry.  The Bulk 123 composite and Bulk 45 composite 
were analyzed for polychlorinated biphenyls (PCBs), polycyclic aromatic 
hydrocarbons (PAHs), metals, total organic carbon (TOC), total recoverable 
petroleum hydrocarbons (TRPH), and oil and grease (O&G) (the latter three 
being potential indicator compounds).  Results are summarized in Table 1.  
Concentrations were comparable for all analytes for both composites. 

Water content analysis.  The core samples (44 total) were analyzed in 
duplicate for water content (w = (Mwater/Msolids)*100) by oven drying.  The 
average water content was 112.4 ± 24.6 percent.  Water content of the Bulk 123 
and Bulk 45 composites averaged 98.7 and 82.2 percent, respectively.   

Fractionation testing.  Approximately 10.5 kg (wet weight) of the Bulk 123 
sample was wet sieved through a 75-µm sieve for analysis of the sand (>75 µm) 
and fines (< 75 µm) fractions.  The resultant slurries were centrifuged and the 
solids retained for particle size and chemical analysis.  Both fractions were 
analyzed on the Coulter LS100 Particle Size Analyzer to determine the efficiency 
of the separation.  The results (Table 2) show that the fines were not very 
effectively removed from the sand.  Further separation of the clay and silt from a 
subsample of the fines was attempted using an upflow column.  The clay was 
never effectively removed from the fines, and the samples were therefore not 
further analyzed. 

Additionally, a subsample of the Bulk 123 was fractionated by density using 
heavy media separation in order to analyze the contaminant differences between 
mineral and organic sediment material.  In this procedure, the sediment was 
combined with a solution of sodium polytungstate at a specific gravity of 2.0.  
The mixture was briefly sonicated and then centrifuged to separate the density 
fractions.  The material heavier than 2.0 specific gravity (mineral) sank to the 
bottom, and the lighter fraction (organic) floated on top of the solution and was  
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Table 1 
Green Bay Cell 5 Chemical Analysis of Bulk Sediment, Size, and 
Density Fractions 

Bulk Sediment Size Fractions Density Fractions 

Description 
Composite 
45 

Composite 
123 

<75 µm
(Fines) 

>75 µm
(Sand) 

 >2.0 sp.gr. 
(Mineral) 

<2.0 sp.gr. 
(Organic) 

Indicator Analytes 

TOC, mg/kg 44833 48567 41300 38900 27800 47700 

O&G, mg/kg 147 213 210 1030 67 640 

TRPH, mg/kg 78 106 106.5 525 54 350 

TVS, %     <4 <4 

Metals, mg/kg 

AS 3.29 3 2.95 3.55 1.8 2.99 

CD 0.939 1 0.825 1.11 0.669 1.94 

CR 53.33 52 47.05 50.65 41.3 85.2 

CU 48.93 52 43.85 72.7 27.3 97.2 

PB 68.8 64 58.3 76.8 40.9 51 

HG 1.017 1 1.0345 1.44 0.625 2.2 

NI 20.53 22 19.85 17.2 17.2 17.4 

SE 1.06 1 0.95 1.55 0.599 0.998 

AG 0.53 0 0.45 0.3 0.4 0.599 

ZN 142.7 143 154 145.5 91.5 128 

BA 81.70 83 77.95 57.65 70.7 73.5 

FE 16300 16300 15500 10750 14600 7850 

MN 442 485 436 832 382 434 

MO 0.265 0 0.3 0.4 0.2 0.699 

PCBs, µg/kg 

PCB-1016 <22.5 <24.5 <24.5 <29.7 <15.8 <27.1 

PCB-1221 <22.5 <24.5 <24.5 <29.7 <15.8 <27.1 

PCB-1232 <22.5 <24.5 <24.5 <29.7 <15.8 <27.1 

PCB-1242 1307 1161 970 1742.5 351 3278 

PCB-1248 <22.5 <24.5 <24.5 <29.7 <15.8 <27.1 

PCB-1254 <22.5 <24.5 <24.3 <29.7 <15.8 <27.1 

PCB-1260 49.5 52.3 39.95 77.9 27.3 111 

PAHs, µg/kg 

NAPHTH 125 165.3 85.95 367 29.9 513 

ACENAY 9.0 10.0 <20 41.2 <6.4 43.4 

ACENAP 14.3 21.6 11 61.85 <6.4 72 

FLUORE 36.2 42.5 27.75 123 10.8 169 

PHENAN 220 269.3 176 877 70 1180 

ANTRAC 39.8 49.7 29.2 193.5 10.2 215 

FLANTHE 309 388.0 260.5 1130 99.9 1690 

PYRENE 301 391.7 240 1360 82.1 1570 

(Continued) 
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Table 1 (Concluded) 
Bulk Sediment Size Fractions Density Fractions 

Description 
Composite 
45 

Composite 
123 

<75 µm
(Fines) 

>75 µm
(Sand) 

 >2.0 sp.gr. 
(Mineral) 

<2.0 sp.gr. 
(Organic) 

PAHs, µg/kg (Concluded0 

CHRYSE 192 247.7 152 850 66.2 992 

BAANTHR 139 180.3 97.95 756 29.9 720 

BBFLANT 127 173.3 112.5 565 53.4 762 

BKFLANT 101 139.0 76.35 463.5 32.4 521 

BAPYRE 149 193.3 108.45 769 35.6 747 

I123PYR 122 164.3 99.45 540 39.4 637 

DBAHANT 26.6 29.2 19.5 114 5.1 105 

B-GHI-PY 149 179.3 112.5 614 48.3 678 

2MeNAPH 130 157.7 98.95 426 31.8 574 
 

 

Table 2 
Particle Size Analysis of Green Bay Cell 5 Samples 
Volume, %  Bulk 45 Bulk 123 Sand Fines 
< 5 µm 27.1 24.3 5.88 30.5 
< 75 µm 93.3 90.8 43.5 99.98 
> 75 µm 6.70 9.2 56.5 0.02 

 

 

removed.  The procedure was repeated several times to ensure a reasonably clean 
separation, as determined by visual inspection.   

The four fractionated samples (fines, sand, mineral, organic) were analyzed 
for PAHs, PCBs, metals, and indicator analytes.  Density (mineral and organic) 
samples were also analyzed for total volatile solids (TVS) to assess efficiency of 
separation, but this parameter was ultimately not useful, being less than the 
detection limit (DL) for both fractions.  Results are summarized in Table 1. 

The contaminant concentrations among the sand and fine fractions display 
trends opposite of that expected.  The sand fraction is typically assumed to be 
relatively clean, and the fines to contain higher contaminant levels due to higher 
surface area and clay chemistry.  Here, however, PAH and PCB concentrations in 
the sand exceed that of the fines, many by an order of magnitude.  Most metal 
concentrations (arsenic, cadmium, chromium, copper, lead, mercury, selenium, 
manganese, molybdenum) were also higher in the sand than in the fines, but 
within the same order of magnitude.  During wet sieving, an oily film was noted 
to settle on top of the sieved sand.  It was thought that much of the contamination 
could be associated with this film, or with a coarse organic fraction.  To evaluate 
this, the correlation coefficient was calculated for oil and grease and TOC 
concentrations versus PAH, PCB and metal concentrations.  The resulting values 
indicate a strong linear relationship between oil and grease and PAH 
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concentrations, and a moderate relationship between oil and grease and PCBs and 
metals concentrations (Figures 2, 3, and 4), with the exception of selenium and 
manganese, which evidenced a strong linear relationship.  PAH versus PCB 
concentrations were quite strongly linear.  The correlation coefficient for TOC 
versus PAH, PCBs, and metals indicates a moderate to weak linear relationship.  
Note that this does not imply that there is not a strong relationship, simply the 
absence of a strong linear relationship.   

 

Figure 2. PAH versus oil and grease concentrations, Cell 5 material  

 

Figure 3. PCB versus oil and grease concentrations, Cell 5 material  
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Figure 4. Metals versus oil and grease concentrations, Cell 5 material  

The contaminant differences between the mineral and organic fractions were 
as expected, revealing order of magnitude greater PAH and PCB concentrations 
in the organic fraction.  Metals were not as clearly distributed.  Although higher 
concentrations of metals were present in the organic fraction, they were at the 
same order of magnitude as in the mineral fraction.  Iron was an exception to this, 
being an order of magnitude higher in the mineral fraction than in the organic 
fraction.  On average, metal concentrations were twice as high in the organic as 
in the mineral fraction (excluding iron), and PAHs and PCBs in the organic 
fraction averaged 18 and 7 times, respectively, that of the mineral fraction.  

Cell 4 characterization and bench-scale testing 

Particle size analysis.  Samples C4P2, C4P4, and C4P6 were analyzed on 
the Coulter particle size analyzer to verify that a significant sand fraction was 
present.  Percent greater than 75 µm was approximately 40, 54, and 62 percent, 
respectively (by volume).  Coulter analysis of the homogenized C4B samples 
indicated approximately 32.8 percent > 75 µm.  The samples taken from along 
the inner radius C4S1-3 were also analyzed on the Coulter, with the volume 
percent less than 75 µm ranging from 96.5 to 99.6 percent, indicating that 
particular area would not be a good candidate for sand recovery.  Output from the 
Coulter for the C4B samples is presented in Appendix A.  Particle size analysis 
results are given in Table 3. 
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Table 3 
Particle Size Analysis of Green Bay Cell 4 Samples 
Volume, %  C4P2 C4P4 C4P6 C4B 
< 5 µm 15 13 10 20 
< 75 µm 60 46 38 67.2 
> 75 µm 40 54 62 32.8 

 
 

Bulk sediment chemistry.  The C4B1, C4B2, and C4B3 samples were 
homogenized, and two samples were then taken for bulk chemical analysis.  The 
average concentrations for the composite are reported in Table 4.  The analysis 
revealed the existence of some PAHs and metals, and concentrations of 3,755 
and 39 µg/kg, respectively, for PCB 1242 and PCB 1260. 

Water content analysis.  The water content of the C4P2, C4P4, and C4P6 
samples was measured in duplicate by oven drying.  The water contents averaged 
59, 36, and 27 percent, respectively, for the three samples.  

Fractionation testing.  Although a full size and density separation was 
desired on the Cell 4 material, due to time constraints the most important 
separation to evaluate initially was the sand/silt separation at 75 µm.  This 
separation was achieved by wet sieving a subsample of the material through a 
75-µm sieve.  The sand fraction was washed off the sieve, and the wash water 
was then drained off the sand.  The sand sample was analyzed with the Coulter 
LS100 Particle Size Analyzer and was found to contain only 5.5 percent <75 µm 
and 1.1 percent < 5 µm by volume, indicating a relatively clean separation.  Half 
the fines slurry was flocculated using Hychem, Inc., CP626 cationic polymer.  
Two (duplicate) samples from both the dewatered sand and flocculated fines 
(silt/clay) samples were analyzed for chemical constituents as summarized in 
Table 4.  The other half of the fines fraction was reserved for further 
fractionation testing.  The unflocculated silt and clay fractions were separated 
using a 50-mm (2-in.) hydrocyclone and the fractions analyzed for PCBs and 
indicator analytes.  The silt and clay fractions were analyzed on the Coulter to 
evaluate effectiveness of the hydrocyclone separation.  Approximately 
5.7 percent of the silt fraction was greater than 75 :m, and approximately 
14 percent less than 3 :m.  The presence of particles greater than 75 :m in the 
silt fraction can be attributed to oblong particles that pass through the #200 sieve, 
and agglomeration of particles, which the Coulter may read as a single, larger 
particle.  The clay fraction was less clean, with a mean particle size of 15.24 :m, 
and a median particle size of 6.39 :m.  Approximately 90 percent of the clay 
fraction was less than 36 :m, and 50 percent less than 6.4 :m.  Only 25 percent 
was less than 2.7 :m.  The silt and clay fractions were also subsequently 
analyzed for chemical constituents (Table 4). 

Unlike the Cell 5 analysis, the Cell 4 data follow the expected trends, with 
greater concentrations of the contaminants associated with the fines than with the 
sand.  Concentrations of metals in the silt/clay fraction are almost all one to two 
orders of magnitude higher than in the sand.  PCBs are an order of magnitude 
higher in the silt/clay fraction than in the sand.  Differences in concentrations  
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Table 4 
Chemical Analysis of Cell 4 Bulk and Fractionated Sediment 
Samples 

Size Fractions 

Analyte 

Sand  
(>75 µm)  
Avg. Conc. 

Silt/Clay  
(<75 µm)  
Avg. Conc. 

Silt  
(≈5 µm - 75 µm) 
Conc. 

Clay 
(<5 µm) 
Avg. Conc. 

Bulk Sediment 
Avg. Conc. 

Indicator Analytes 

TOC, mg/kg 1435 21100 9180 78900 27300 

O&G, mg/kg 43 475 110 320 220 

TRPH, mg/kg 10.5   J1 270 46 180 185 

TVS, %     <4% 

Metals, mg/kg 

AS 0.45 5.05 2 6.85 2.2 

CD 0.04 1.355 0.32 2.29 0.6045 

CR 3.05 79.95 15.1 134 29.8 

CU 10.05 75.25 21.2 113 32.8 

PB 5.6 101.2 242 193.5 43.7 

HG 0.02 3.45 0.363 2.85 1.085 

NI 2.2 27.1 7 36.9 10.8 

SE <0.200 1.1 0.3 1.3 0.4995 

AG 0.4 0.8995 0.4 1.6 0.4995 

ZN 13.5 148.555 320 681 76.1 

BA 4.6 104.5 27.5 183 42.85 

FE   10500 30600 3822.4 

MN 44.25 325.5 174 321 140 

MO <0.100 0.849 0.5 1 0.3495 

PCBs, µg/kg 

PCB-1016 <10.3 <38.9 <11.2 <40.5 <12.7 

PCB-1221 <10.3 <38.9 <11.2 <40.5 <12.7 

PCB-1232 <10.3 <38.9 <11.2 <40.5 <12.7 

PCB-1242 444 5927.5 1950 7595 3754.5 

PCB-1248 <10.3 <38.9 <11.2 <40.5 <12.7 

PCB-1254 <10.3 <38.9 <11.2 <40.5 <12.7 

PCB-1260 21.4 317.5 18.2 238 39 

PAHs, µg/kg 

NAPHTH  *2 * * * 123.5 

ACENAY * * * * 14.2 

ACENAP * * * * 41.25 

FLUORE * * * * 53.4 

(Continued) 
1 Indicates estimated concentration for analyte that is above MDL but below LRL. 
2 * Due to budgetary constraints, fractionation testing was limited to PCBs and metals, which were 
thought to be of greatest concern.  There was insufficient silt sample for duplicate analysis; results 
given are therefore based on analysis of only one sample. 
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Table 4 (Concluded) 
Size Fractions 

Analyte 

Sand  
(>75 µm)  
Avg. Conc. 

Silt/Clay  
(<75 µm)  
Avg. Conc. 

Silt  
(≈5 µm - 75 µm) 
Conc. 

Clay 
(<5 µm) 
Avg. Conc. 

Bulk Sediment 
Avg. Conc. 

PAHs, µg/kg (Concluded) 

PHENAN * * * * 228.5 

ANTRAC * * * * 46.55 

FLANTHE * * * * 217 

PYRENE * * * * 263 

CHRYSE * * * * 148 

BAANTHR * * * * 125 

BBFLANT * * * * 85.1 

BKFLANT * * * * 73.4 

BAPYRE * * * * 117.5 

I123PYR * * * * 82 

DBAHANT * * * * 15.45 

B-GHI-PY * * * * 95.55 

2MeNAPH * * * * 145.5 
 

 

between the silt fraction and the clay fraction are not as consistent, but 
concentrations in the clay fraction are higher for all analytes tested.  TOC in the 
clay fraction is approximately 8.5 times that in the silt.  Oil and grease, TRPH, 
PCB-1242, and PCB-1260 in the clay fraction are 2.9, 3.9, 3.9 and 26 times 
greater, respectively, than in the silt.  Based on correlation coefficients, there is a 
strong positive correlation between metals concentrations and oil and grease and 
TRPH concentrations (Figure 5).  Metals are moderately correlated to TOC 
concentration.  There is also a moderate to strong positive correlation between 
PCBs, TRPH, and oil and grease (Figure 6) and PCBs and TOC (Figure 7). 

Test Candidate Unit  
A 1-day field demonstration was scheduled for 10 August 2000 at the 

Bayport CDF, Green Bay, WI.  Equipment arrived onsite on Monday, 7 August 
2000.  Three full days were required to set up the system.  This was not sufficient 
time to debug and troubleshoot, however; a cold start was made on the day of the 
demonstration.  An electrical problem, unrelated to the separation unit, caused a 
minor delay.  The system ran intermittently after that, with additional delays for 
clearing the jet pump and replacing or tightening clamps on water supply or 
slurry delivery hoses.  The system was operated for approximately 5 hours, at 
which time sufficient material had been processed to assess the separation 
efficiency, and overall system characteristics and trouble points had been 
identified. 
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Figure 5. Metals versus TRPH and oil and grease concentrations, Cell 4 
material  

 

Figure 6. PCB versus TRPH and oil and grease concentrations, Cell 4 material  
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Figure 7. PCB versus TOC concentrations, Cell 4 material  

Site logistics 

The Cell 4 staging area was much farther from the freshwater source than the 
staging area originally selected for processing the Cell 5 material.  Additionally, 
the Cell 4 staging area was much smaller than the original site, making onsite 
stockpiling of mechanically excavated material infeasible.  It was therefore 
decided to excavate only a small amount of Cell 4 material for screening testing, 
and to excavate feed for the hydrocyclone using a modified jet pump.  This was a 
particularly attractive alternative because of the potential benefits of small-scale 
hydraulic excavation or mechanical excavation (accessibility in unstable material, 
maneuverability around debris), and the added information that would result 
from a single effort.  The principal disadvantage of this approach was that the 
process water had to be pumped approximately 300 m (1,000 ft) to the 
excavation point.   

Equipment 

Because of the distance between the staging area and the freshwater source, a 
larger water pump, transfer hoses, and generator were required than for the 
original staging area.  Water pump, generator, and flexible hoses with quick 
couplings were available and obtained on a short-term rental basis.  The MetPro 
mobile unit was as previously described in the section “Project Activities,” 
consisting of a trailer, slurry pump, sump, and 0.6-m (24-in.) MDS (Figure 8).  
The eductor pump was fitted with an exterior ring, providing water jets for 
horizontal excavation (Figure 9).  A powerscreen was also rented for screening 
the mechanically excavated material (Figures 10 and 11).  The unit consisted of a 
grizzly, hopper with shredder, conveyer and shaking screen, equipped with a  
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Figure 8. MetPro mobile MDS unit 

 

Figure 9. Eductor pump 
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Figure 10. Powerscreen 

 

Figure 11. Screen undersize 
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harp screen to enhance processing of clayey material and reduce plugging due to 
wet material. 

Field operation 

The generator and water pump performed well, and similar equipment should 
be readily available at most locations.  The flexible hoses were not designed to 
operate at the optimum delivery pressure, however.  Several failures of the 
coupling/hose attachment occurred, but once this problem was addressed, the 
hoses performed reasonably well with the pump discharge throttled back 
somewhat.  Based on this experience, however, it is thought that suitable hoses 
should be purchased for future operations.  The eductor pump, although 
somewhat crudely assembled for the purposes of demonstration, performed fairly 
effectively.  Although the site was heavily vegetated, the vegetation did not 
prevent excavation of the sediment in situ.  Some variability was noted in the 
feed percent solids.  Although this does not appear to have adversely affected the 
separation achieved, the result is an inefficient utilization of available water 
supply; and under different circumstances, separation efficiency could be 
affected.  The pump did plug with large woody debris on two or three occasions. 
This could be prevented with a coarse protective screen at the pump intake.  
Additionally, no water jets faced in the downward direction.  Excavation was 
impeded when a large rock was encountered underneath the pump.  The sump 
and cyclone performed as expected.  There was one failure of a band coupling, 
and this is potentially a weak point in the system.  This connection could be 
made more secure with permanent piping, rather than the flexible hoses used to 
deliver the slurry pump discharge to the hydrocyclone inlet.   

The Powerscreen performed relatively well considering that the material 
being fed was much wetter than the equipment is designed to handle.  Problems 
were encountered, however, in feeding the screen.  Clay clods rolled off the 
grizzly, reporting with the oversize.  Attempts to push this material through the 
grizzly were only partially successful and time-consuming.  The shaking screen 
passed the moist, fine materials without any evident problem, but blinding did 
occur on the coarse upper screen, where 0.1- to 0.15-m (4- to 6-in.) chunks of 
asphalt collected and had to be manually scraped off.  Although the results 
indicate that the Powerscreen may be useful to prepare a small amount of 
material for process testing, feeding a full-scale hydrocyclone operation in this 
manner is probably infeasible. 

Visitors 

The demonstration was scheduled for 10 August 2000.  Notice of the 
demonstration was posted on the Detroit District Web site, and notification sent 
directly to regulators and environmental organizations in the region. 
Approximately 30 people attended the demonstration.  Results of the 
demonstration were also presented to the Great Lakes Commission in October 
2000. 
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Process sampling 

Three 19-L (5-gal) samples were taken simultaneously from the feed slurry 
and overflow, and three 4-L (1-gal) samples were taken from the underflow at 
five different intervals during processing (1400, 1505, 1525, 1625, and 1715 
hours).  Samples were captured and transported in new HDPE buckets.  Of these, 
two from each sampling event were designated for particle size distribution and 
contaminant concentration analysis.  The remainder of the samples were 
designated for particle size distribution only.  The field sampling contractor was 
responsible for obtaining process samples and packaging and shipping them to 
ERDC.  The overflow was sampled using a J-shaped diverter of polyvinyl 
chloride (PVC) pipe, which was passed through the overflow stream vertically to 
obtain a representative sample.  The feed stream was sampled from a port welded 
onto the outlet from the slurry pump, where the slurry was expected to be 
turbulent and therefore well mixed.  The line was purged for a few seconds prior 
to taking each sample.  Underflow samples were captured directly from the 
cyclone underflow discharge.  The volume of underflow samples was reduced 
from that specified in the Quality Assurance Project Plan1 due to the high solids 
content of the underflow; 4-L (1-gal) samples were sufficient for all proposed 
analysis.  Samples designated for chemical analysis were placed in a cooler and 
packed in ice for shipment.  Samples designated for particle size analysis only 
were not refrigerated.  Chain-of-custody forms were completed.   

A single 19-L (5-gal) sample of the process supply water was also taken to 
establish baseline concentrations.  It was initially proposed to sample effluent at 
the pond discharge during and after processing to verify that no permit 
parameters were violated during processing.  However, water levels in the pond 
were low enough that there was no discharge from the pond at the time of 
processing, and the process overflow was passed through a sand drainage bed 
prior to being returned to the pond, reducing suspended solids.  Dissolved 
contaminant levels were therefore measured in the process overflow and 
compared to Freshwater Acute Federal water quality criteria (USEPA 1999a).  Of 
the parameters measured in the overflow having criteria, none exceeded acute 
water quality criteria.   

Upon arrival at ERDC, the samples were refrigerated, and samples 
designated for chemical analysis were quickly processed to meet specified 
holding times.  The feed and overflow slurry samples designated for chemical 
analysis (two field duplicates per stream per sampling time) were sampled while 
being stirred to obtain representative samples of the slurry.  They were then 
centrifuged, and both solids and supernatant collected for chemical analysis.  
Percent solids of the underflow samples was much higher, and subsamples were 
taken directly from the buckets for chemical and particle size analysis without 
centrifuging.  Subsamples of all process solids were also taken for water content 
and particle size analysis.  Due to the difficulty involved in obtaining a 
representative subsample from a slurry, slurry samples were allowed to settle for 

                                                      
1 The QAPP describes the technical quality assurance/quality control for specific data 
collection, project objectives and organization, sampling design, analytical methods, data 
quality indicators, and data review (USEPA 1997, 1998). 
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an extended period of time.  The supernatant was then poured off, the supernatant 
and remaining wet solids weighed, and then water content of the wet solids 
determined by oven drying.  In this manner, the initial solids content of the slurry 
could be calculated.   The settled solids were analyzed on the Coulter particle 
size analyzer for particle size distribution. 

Results 
Particle size analysis 

Results of the particle size data for samples taken from the feed and overflow 
samples while stirring versus samples taken from the settled slurries were 
different.  Because the settled slurries were still relatively liquid but at a higher 
percent solids, it was possible to mix them thoroughly and avoid rapid settling of 
coarse particles, thus producing more representative samples of all size ranges in 
the solids.  The feed and overflow particle size distributions reported in Table 5 
are for the subsamples taken from the settled samples.  The underflow contained 
less than 8 percent fines by volume.  Depending upon the specific gravity of the 
particles, this can be converted to percent fines by weight.  Because the Coulter 
counter measures particle volume only (void volume is not measured), percent 
sand by volume can be taken to be approximately equivalent to percent sand by 
mass, assuming the same specific gravity for all particles in the material.   

Percent moisture/percent solids  

Results of percent moisture (Wwater/Wtotal) and percent solids (Wsolids/Wtotal) 
for the process streams are summarized in Table 6.  The percent solids of the feed 
varied from 1.8 to 5.9 percent by weight.  This is a relatively dilute feed stream.  
Although the separation efficiency is enhanced by a dilute feed stream, 
operational efficiency overall is lower than optimum.  Percent solids of the 
underflow was quite high, ranging from 75.2 to 80.3 percent, reflecting the 
coarse nature of the underflow.  Mean percent moisture of the underflow was 
approximately 22 percent, compared with approximately 98 percent for the feed 
and overflow process streams.   

Chemical analysis 

The results of the chemical analysis for each replicate at each sampling time 
were averaged for the three process streams, and are summarized in Table 7. For 
comparison, results of the bench-scale characterization for these fractions are 
given in parentheses.  Qualitatively, the bench-scale testing appears to have given 
a relatively representative indication of the contaminant levels in the field-scale 
process streams.  To evaluate whether the concentrations in the process and 
characterization fractions are essentially equivalent, the data were evaluated. 
Contaminants included arsenic, cadmium, chromium, copper, lead, mercury, 
nickel, selenium, silver, zinc, barium, PCB 1242, PCB 1260, TOC, oil and 
grease, and TRPH.  One-half the detection limit was used for contaminant 
concentrations less than the detection limit.  The Statistical Analysis System 
(SAS) release 8.1 was used to perform the data analysis (SAS Institute, Inc., 
1989a, 1989b).  The statistical procedures and assumptions are more fully 
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Table 5 
Particle Size Analysis of Streams from the Mobile Hydrocyclone 
Demonstration 

Sample 
Sand 
Volume % > 76.42 µm 

Silt 
Volume % 5-76.42 µm 

Clay 
Volume % < 5 µm 

Feed 

F1400 26.2 55.6 18.2 

F1505 23.4 59.1 17.5 

F1525 33.5 49.6 16.9 

F1625 26.9 55.2 17.9 

F1715 30.4 52.5 17.1 

Average 28.1 54.4 17.5 

Overflow 

O1400 15.7 61.8 22.5 

O1505 11.5 68.7 19.8 

O1525 22.5 57.5 20 

O1625 19.7 63.8 16.5 

O1715 23.9 55.9 20.2 

Average 18.7 61.5 19.8 

Underflow 

U1400 91.36 7.02 1.62 

U1505 92.12 6.56 1.32 

U1525 90.23 8.05 1.72 

U1625 92.52 6.08 1.4 

U1715 94.31 4.43 1.26 

Average 92.11 6.43 1.46 
 

described in Appendix B.  On the basis of the statistical analysis, the following 
generalizations regarding concentrations in the process streams and bench-scale 
samples, respectively, can be made: 

a. Underflow = sand 

b. Overflow = silt/clay for zinc, oil and grease, and TRPH 

c. Overflow < silt/clay for all other analytes except TOC 

d. Overflow > silt/clay for TOC 

e. Feed = bulk for all analytes except PCB 1260 

f. Feed > bulk for PCB 1260 

The statistical power of the analysis for most analytes was less than 75.  The 
power was greater than 75 for comparison of nickel in underflow and sand, and 
for PCB 1242 in feed and bulk for the one-tailed tests.  Power was also greater 
than 75 for comparison of nickel and PCB 1260 in underflow and sand and for 
comparison of arsenic, chromium, nickel, barium, PCB 1242, PCB 1260, oil and 
grease, and TRPH in feed and bulk for the two-tailed tests.  
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Table 6 
Percent Moisture and Percent Solids of Process Streams 
 Sample Percent Moisture Percent Solids 

Feed 

F1400 94.08 5.92 

F1505 98.53 1.47 

F1525 98.18 1.82 

F1625 98.53 1.47 

F1715 98.19 1.81 

Average 97.5 2.5 

Overflow 

O1400 96.94 3.06 

O1505 98.80 1.20 

O1525 98.88 1.12 

O1625 99.09 0.91 

O1715 98.66 1.34 

Average 98.5 1.5 

Underflow 

U1400-3 19.84 80.16 

U1505-3 24.77 75.23 

U1525-3 24.59 75.41 

U1625-3 19.69 80.31 

U1715-3 20.62 79.38 

Average 21.9 78.1 
 

From a practical standpoint, it appears that the bench-scale characterization 
will give predicted concentrations at least within the same order of magnitude as 
the field process.  In some cases, it is quite representative of the contaminant 
distribution that will be achieved at full scale for this process.  From a processing 
objective, the statistical analysis suggests that the quality of the underflow was 
higher than the quality of the sand produced in the bench-scale testing, which is a 
favorable outcome.  In some cases this may be attributable to lower concentra-
tions in the process feed, but for other constituents this is not the case.  SAS 
output is presented in Appendix B. 

With regard to the processing objectives, the contaminant concentrations in 
the underflow ranged from 2 percent to 39 percent of that in the feed.  PCBs were 
reduced 95 percent (Arochlor 1242) and 92 percent (Arochlor 1260), from 
2,714 µg/kg to 144 µg/kg, and from 145 µg/kg to 11.9 µg/kg, respectively.  
TOC, oil and grease, and TRPH were significantly reduced in the process 
underflow.  Most metals concentrations were reduced by an order of magnitude 
in the underflow, selenium, silver, and molybdenum being the exceptions.  
Selenium was reduced by a factor of 2.6, silver by a factor of 2.6, and 
molybdenum by a factor of 7.8.   

Data validation sheets are included in Appendix C.  Data were evaluated on 
the basis of representativeness, comparability, and completeness.   
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Table 7 
Process Streams Chemical Analysis 

Process Solids Process Water 

Analyte Feed Overflow Underflow Supply Feed Supernatant
Overflow 
Supernatant 

Underflow 
Supernatant 

Indicator Analytes 

TOC (mg/kg) 26,500 
(27300) 

46,480 
(21100) 

1019  
(1435) 

    

TVS (%) <4 (<4) <4 <4     

O&G (mg/kg) 332 
(220) 

435 
(475) 

16 
(43) 

    

TRPH (mg/kg) 259 
(185) 

338 
(270) 

<42.2 
(10.5J) 

    

PCBs 

Arochlor 1242 
(ppb) 

2713.8 
(3754.5) 

4037.9 
(5927.5) 

144.0 
(444) 

<0.24 0.27 0.21 N/A 

Arochlor 1260 
(ppb) 

145.0 
(39) 

109.9 
(317.5) 

11.9 
(21.4) 

<0.24 <0.24 <0.26 N/A 

Metals 

As (ppm) 2.805 (2.2) 3.4 
(5.05) 

0.4883 
(0.45) 

0.005 0.0039 0.0041 N/A 

Cd (ppm) 0.5809 
(0.6045) 

0.82 
(1.355) 

0.05908 
(0.04) 

<0.0002 <0.0002 <0.0002 N/A 

Cr (ppm) 38.44 
(29.8) 

48.8 
(79.95) 

2.896 
(3.05) 

0.006 0.0046 0.0055 N/A 

Cu (ppm) 37.81 
(32.8) 

50 
(75.25) 

3.386 
(10.05) 

0.003 0.0025 0.0021 N/A 

Pb (ppm) 41.69 
(43.7) 

59.6 
(101.2) 

2.937 
(5.6) 

<0.001 <0.001 <0.001 N/A 

Hg (ppm) 0.8834 
(1.085) 

1.3 
(3.45) 

<0.040 
(0.02) 

<0.00020 <0.00020 <0.00020 N/A 

Ni (ppm) 15.718 
(10.8) 

19.0 
(27.1) 

2.578 
(2.2) 

0.014 0.0096 0.0093 N/A 

Se (ppm) 0.5116 
(0.4995) 

0.65 
(1.1) 

0.2 
(<0.200) 

0.002 0.002 0.002 N/A 

Ag (ppm) 0.3447 
(0.4995) 

0.53 
(0.8995) 

0.1333 
(0.4) 

<0.001 <0.001 <0.001 N/A 

Zn (ppm) 81.4 
(76.1) 

116.9 
(148.55) 

5.431 
(13.5) 

0.046 0.0428 0.0396 N/A 

Ba (ppm) 61.12 
(42.85) 

79.4 
(104.5) 

5.5052 
(4.6) 

0.108 0.1828 0.1769 N/A 

Fe (ppm) 14251 
(3822.4) 

18010 1879 0.08 0.1304 0.0703 N/A 

Mg (ppm) 15200 17740 N/A 75.6 76.85 78.19 N/A 

Mn (ppm) 275.2 
(140) 

366.2 
(325.5) 

47.71 
(44.25) 

3.03 1.609 1.60 N/A 

Mo (ppm) 0.7798 
(0.3495) 

0.40 
(0.849) 

0.1 
(<0.100) 

<0.001 0.003 0.0033 N/A 

Note:  Values in parentheses are for the bulk, fines, and sand fractions from bench-scale characterization. 
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Representativeness and comparability are qualitative criteria, and completeness is 
a quantitative criterion.  Representativeness is a key concern during field 
sampling activities, and expresses the degree to which sample data accurately 
represent the site, specific matrices, and parameter variations at a sampling point. 
Representativeness is dependent on the proper design of the sampling program, 
proper selection of laboratory methods for the matrix under scrutiny, and stability 
of the laboratory methods.  The representativeness criterion is best satisfied by 
making certain that the sampling locations, procedures, and quantities are 
selected based on the project objectives, and that suitable analytical procedures 
are utilized, preservation requirements are met, and holding times are not 
exceeded in the laboratory.   

Comparability expresses the confidence with which one data set can be 
compared with another.  The analysis of certified reference materials is used to 
provide data on comparability.  The data obtained within this project will be 
comparable because all the standard operating procedures used in the 
determinations are based on methods with proven protocols and proven internal 
and external audit compliance relative to performance testing on certified 
reference material soils.  All analyses of a single type will be conducted at the 
same laboratory.  Completeness of the deliverable is measured for each set of 
data received by dividing the number of valid (passing quality assurance/quality 
control (QA/QC) requirements) measurements actually obtained by the number 
of measurements made.  Each of the analytical parameters is evaluated separately 
in terms of precision, accuracy, and data acceptability.  Precision pertains to the 
repeatability of the test, and is determined using a relative percent difference for 
duplicate samples and, for three or more replicate analysis, as a relative standard 
deviation or coefficient of variation.  Most literature suggests that the goal for 
precision among field duplicates should be within 30 percent expressed as a 
relative percentage difference.  Accuracy pertains to the closeness to the true 
value, and is evaluated using matrix spike recoveries expressed as a percent 
recovery.  Completeness is then calculated on the basis of the number of samples 
meeting the established QA/QC requirements, as previously described.  
Acceptable completeness for a data set has been set at 90 percent meeting 
QA/QC requirements.   

Completeness of the data was above 90 percent for all three data sets (Cells 4 
and 5 characterization and field demonstration data).  Some data were qualified 
due to minor problems.  Corrective actions and data qualifications are detailed in 
the individual data validation sheets attached in Appendix C.   

Equipment Acquisition  
On the basis of the performance of the 0.6-m (24-in.) MDS, a 0.3-m (12-in.) 

MDS was purchased for laboratory and field-scale feasibility testing.  The 
capacity of the 0.3-m (12-in.) MDS is not sufficient for large-scale processing, 
but is better suited for feasibility testing because the volumes of process water 
required are more manageable, and the supporting equipment is correspondingly 
smaller and more widely available.  A vibrating wet screen was also purchased 
for screening out oversize prior to the sump of the hydrocyclone, and fitted with 
13-mm (1/2-in.) and 6-mm (1/4-in.) screens.  Either dry or slurried material can 
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be fed onto the screen.  The screen was ordered with excess capacity so that it 
could also be used with full-scale processing operations.   
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3 Conclusions 

The principal objectives of the project were to evaluate the efficiency of the 
0.6-m (24-in.) MDS in producing a sand fraction with fines and PCB 
concentrations sufficiently reduced to permit beneficial use, and to evaluate the 
correspondence of contaminant levels predicted by bench-scale testing versus 
field-scale operation.  The target product (sand) specifications were less than 10 
percent fines by mass and PCB concentrations less than 1 mg/kg.  The underflow 
fraction produced averaged over 92 percent sand, as measured by a Coulter 
counter, and 0.144 mg/kg PCB 1242 and 0.0119 mg/kg PCB 1260.  Based on 
statistical analysis of the results, the contaminant concentrations predicted for the 
sand fraction by the bench-scale testing were essentially equivalent to that 
achieved in the field operation.  This is particularly significant since the process 
feed concentration of PCB 1260 was statistically greater than the bulk sediment 
concentration for the bench-scale testing.  This indicates a somewhat higher 
efficiency of PCB removal for the MDS compared with that of wet sieving of the 
material.  This may be attributable to the presence of coarse organic particles, 
which would report with the sand on a wet sieve, but would report with the 
overflow of a hydrocyclone.  This is supported by the higher TOC concentration 
measured in the process overflow compared with that of the silt/clay fraction of 
the bulk sediment used in bench-scale testing.  Distribution of metals was 
somewhat more variable than for PCBs, but metals were reduced by an order of 
magnitude in the sand fraction, with the exception of selenium, silver, and 
molybdenum.  Selenium, silver, and molybdenum were reduced by factors of 2.6 
to 7.8.  In the absence of specific criteria establishing acceptable levels of metal 
constituents, partitioning theory could be used to evaluate the magnitude of 
potential release of metals in the beneficial use environment.  Predicted releases 
could then be compared with applicable water quality criteria and necessary 
dilutions estimated.   

 

Chapter 3   Conclusions 29 



References 

Granat, M. A.  (1998).  “Jacksonville District hydrocyclone experience.”  
Proceedings of the 11th Annual National Conference on Beach Preservation 
Technology, Tallahassee, FL, February 4-6, 1998. 

Olin-Estes, T. J.  (2000).  “Determining recovery potential of dredged material 
for beneficial use – Site characterization: Statistical approach,” DOER 
Technical Notes Collection (ERDC TN-DOER-C15), U.S. Army Engineer 
Research and Development Center, Vicksburg, MS. 
www.wes.army.mil/el/dots/doer 

Olin, T. J., and Bowman, D. W.  (1996).  “Soil washing potential at confined 
disposal facilities,” U.S. Army Engineer Waterways Experiment Station, 
Vicksburg, MS. 

Olin-Estes, T. J., and Palermo, M. R.  (2000a).  “Determining recovery potential 
of dredged material for beneficial use—Site characterization: Prescriptive 
approach,” DOER Technical Notes Collection (ERDC TN-DOER-C14), U.S. 
Army Engineer Research and Development Center, Vicksburg, MS. 
www.wes.army.mil/el/dots/doer 

             . (2000b). “Determining recovery potential of dredged material for 
beneficial use—Soil separation concepts,” DOER Technical Notes Collection 
(ERDC TN-DOER-C13), U.S. Army Engineer Research and Development 
Center,Vicksburg, MS. www.wes.army.mil/el/dots/doer 

SAS Institute, Inc.  (1989a). “SAS/STAT User’s Guide, Version 6, Volume 1,” 
4th ed., Cary, NC.  

             .  (1989b).  “SAS/STAT User’s Guide, Version 6, Volume 2,” 4th ed., 
Cary, NC.  

Snedecor, G. W., and Cochran, W. G.  (1980).  Statistical Methods, 7th ed., The 
Iowa State University Press, Ames, IA. 

U.S. Environmental Protection Agency.  (1986).  “Test methods for evaluating 
solid waste physical and chemical methods,” SW-846, 2d ed., National 
Technical Information Service, Springfield, VA (NTIS No. PB87-120291). 

             .  (1994).  “Pilot-scale demonstration of sediment washing for the 
treatment of Saginaw River sediments,” EPA 905-R94-019, Assessment and 
Remediation of Contaminated Sediments Program, Great Lakes National 
Program Office, Chicago, IL. 

30 References 

http://www.wes.army.mil/el/dots/doer
http://www.wes.army.mil/el/dots/doer
http://www.wes.army.mil/el/dots/doer


 
 

U.S. Environmental Protection Agency.  (1997).  “EPA requirements for Quality 
Assurance Project Plans for environmental data operations,” EPA QA/R-5, 
Washington, DC. 

             .  (1998).  “EPA guidance for Quality Assurance Project Plans,” 
EPA/600/R-98/018, Washington, DC. 

             .  (1999a).  “National Recommended Water Quality Criteria—
Correction,” EPA 822-Z-99-001, Office of Water.  

             .  (1999b).  “Physical separation (soil washing) for volume reduction of 
contaminated soils and sediments:  Processes and equipment,” EPA-905-R-
99-006, Great Lakes National Program Office, Chicago, IL. 

 

References 31 



Appendix A 
Coulter Counter Particle Size 
Analysis, Cell 4 Material 

 

Appendix A   Coulter Counter Particle Size Analysis, Cell 4 Material A1 



 

 

A2 Appendix A   Coulter Counter Particle Size Analysis, Cell 4 Material 



 
 

 

 

Appendix A   Coulter Counter Particle Size Analysis Cell 4 Material A3 



 

A4 Appendix A   Coulter Counter Particle Size Analysis, Cell 4 Material 



 
 

Appendix A   Coulter Counter Particle Size Analysis Cell 4 Material A5 

 



 

A6 Appendix A   Coulter Counter Particle Size Analysis, Cell 4 Material 



 
 

Appendix B 
Statistical Analysis of Results 

 

Appendix B   Statistical Analysis of Results B1 



Statistical Procedures, Assumptions and Analysis 
Step (A).  Evaluate the equality of variance assumption using the folded 

form of the F statistic (Snedecor and Cochran 1980).1  The null hypothesis is that 
the variance of group 1 is equal to the group 2 variance.  The alternative 
hypothesis is that the variance of group 1 is not equal to the group 2 variance.  
These results are shown in Tables B3, B6, and B9.  If probability Pr > F is less 
than 0.05, the null hypothesis was rejected.   

Step (B).  If the equality of variance hypothesis is not rejected, the test 
statistic was calculated using a pooled estimate of the variance.  If the equality of 
variance hypothesis is rejected, a test statistic that assumes unequal population 
variances was utilized (Snedecor and Cochran 1980).  These results are shown in 
Tables B2, B5, and B8.  The respective hypotheses were expressed as HO: µFeed 
≤ µBulk and HA: µFeed > µBulk; HO: µUnderflow ≤ µSand and HA: 
µUnderflow > µSand; HO: µOverflow ≤ µSilt/Clay and HA: µOverflow > 
µSilt/Clay.  The one-tailed t-test was conducted at α=0.05.  For a one-tailed t-test 
halve the Prov >|T| value.  Reject the null hypothesis if half the Prob > |T| is less 
than 0.05.   

From the underflow and sand data one would conclude that the underflow 
mean concentrations are less than or equal to the sand mean concentrations 
(Table B2).  For the current experimental design, the mean comparison for nickel 
was the only comparison with a power greater than 0.75.  From the overflow and 
silt/clay data one would conclude that the arsenic, cadmium, chromium, copper, 
lead, mercury, nickel, selenium, silver, zinc, barium, PCB 1242, PCB 1260, oil 
and grease, and TRPH overflow mean concentrations are less than or equal to the 
silt/clay mean concentrations and the TOC overflow mean concentration is 
greater than the silt/clay mean concentration (Table B5).  For the current 
experimental design, the TOC and TRPH comparisons were the only 
comparisons with a power greater than 0.75.  From the feed and bulk data one 
would conclude that the arsenic, cadmium, chromium, copper, lead, mercury, 
nickel, selenium, silver, zinc, barium, PCB 1242, TOC, oil and grease, and TRPH 
feed mean concentrations are less than or equal to the bulk mean concentrations 
and the PCB 1260 feed mean concentration is greater than the bulk mean 
concentration (Table B8).  For the current experimental design, the PCB 1242 
comparison was the only comparison with a power greater than 0.75.   

An alternate way to write the respective hypotheses was HO: µFeed = µBulk 
and HA: µFeed ≠ µBulk; HO: µUnderflow = µSand and HA: µUnderflow ≠ 
µSand; HO: µOverflow = µSilt/Clay and HA: µOverflow ≠ µSilt/Clay.  Reject 
the null hypothesis if the Prob > |T| is less than 0.05.   

From the underflow and sand data one would conclude that the underflow 
mean concentrations are equal to the sand mean concentrations (Table B2).  For 
the current experimental design, the nickel and PCB 1260 comparisons were the 

                                                      
1 References cited in this appendix are included in the References section at the end of the 
main text.  
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only comparisons with a power greater than 0.75.  From the overflow and 
silt/clay data one would conclude that the zinc, oil and grease, and TRPH 
overflow mean concentrations are equal to the silt/clay mean concentrations and 
the arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, silver, 
barium, TOC, PCB 1242, and PCB 1260 overflow mean concentrations are not 
equal to the silt/clay mean concentrations (Table B5).  For the current 
experimental design, the power of the comparison for arsenic, cadmium, 
chromium, copper, lead, mercury, nickel, selenium, silver, barium, PCB 1242, 
PCB 1260, and TOC was greater than 0.75.  From the feed and bulk data one 
would conclude that the arsenic, cadmium, chromium, copper, lead, mercury, 
nickel, selenium, silver, zinc, barium, TOC, oil and grease, and TRPH feed mean 
concentrations are equal to the bulk mean concentrations and the PCB 1242 and 
PCB 1260 feed mean concentrations are not equal to the bulk mean concentra-
tions (Table B8).  For the current experimental design, the power of the 
comparison for arsenic, chromium, nickel, barium, PCB 1242, PCB 1260, oil and 
grease, and TRPH was greater than 0.75.   
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Table B1 Table B1 
Sand and Underflow Summary Sand and Underflow Summary 
  
  
                             Lower CL          Upper CL  Lower CL           Upper CL                              Lower CL          Upper CL  Lower CL           Upper CL 
Variable  TYPE            N      Mean    Mean      Mean   Std Dev  Std Dev   Std Dev  Std Err Variable  TYPE            N      Mean    Mean      Mean   Std Dev  Std Dev   Std Dev  Std Err 
AS        SAND            2    -0.185    0.45    1.0853    0.0315   0.0707    2.2564     0.05 AS        SAND            2    -0.185    0.45    1.0853    0.0315   0.0707    2.2564     0.05 
AS        UNDERFLOW      10    0.4376  0.4883     0.539    0.0487   0.0709    0.1294   0.0224 AS        UNDERFLOW      10    0.4376  0.4883     0.539    0.0487   0.0709    0.1294   0.0224 
AS        Diff (1-2)           -0.161  -0.038     0.084    0.0495   0.0709    0.1243   0.0549 AS        Diff (1-2)           -0.161  -0.038     0.084    0.0495   0.0709    0.1243   0.0549 
CD        SAND            2    -0.087    0.04    0.1671    0.0063   0.0141    0.4513     0.01 CD        SAND            2    -0.087    0.04    0.1671    0.0063   0.0141    0.4513     0.01 
CD        UNDERFLOW      10    -0.002  0.0591      0.12    0.0586   0.0851    0.1554   0.0269 CD        UNDERFLOW      10    -0.002  0.0591      0.12    0.0586   0.0851    0.1554   0.0269 
CD        Diff (1-2)           -0.159  -0.019    0.1205    0.0565   0.0809    0.1419   0.0626 CD        Diff (1-2)           -0.159  -0.019    0.1205    0.0565   0.0809    0.1419   0.0626 
CR        SAND            2    -2.668    3.05    8.7678    0.2839   0.6364    20.308     0.45 CR        SAND            2    -2.668    3.05    8.7678    0.2839   0.6364    20.308     0.45 
CR        UNDERFLOW      10    2.4997   2.896    3.2923    0.3811    0.554    1.0114   0.1752 CR        UNDERFLOW      10    2.4997   2.896    3.2923    0.3811    0.554    1.0114   0.1752 
CR        Diff (1-2)           -0.817   0.154    1.1253    0.3932   0.5628    0.9876   0.4359 CR        Diff (1-2)           -0.817   0.154    1.1253    0.3932   0.5628    0.9876   0.4359 
CU        SAND            2    -71.91   10.05    92.005    4.0696   9.1217    291.07     6.45 CU        SAND            2    -71.91   10.05    92.005    4.0696   9.1217    291.07     6.45 
CU        UNDERFLOW      10    2.0019   3.386    4.7701    1.3309   1.9349    3.5324   0.6119 CU        UNDERFLOW      10    2.0019   3.386    4.7701    1.3309   1.9349    3.5324   0.6119 
CU        Diff (1-2)            0.763   6.664    12.565     2.389   3.4191    6.0002   2.6484 CU        Diff (1-2)            0.763   6.664    12.565     2.389   3.4191    6.0002   2.6484 
PB        SAND            2    -26.17     5.6    37.366    1.5774   3.5355    112.82      2.5 PB        SAND            2    -26.17     5.6    37.366    1.5774   3.5355    112.82      2.5 
PB        UNDERFLOW      10    2.2494   2.937    3.6246    0.6611   0.9612    1.7547   0.3039 PB        UNDERFLOW      10    2.2494   2.937    3.6246    0.6611   0.9612    1.7547   0.3039 
PB        Diff (1-2)            0.173   2.663     5.153    1.0081   1.4427    2.5319   1.1175 PB        Diff (1-2)            0.173   2.663     5.153    1.0081   1.4427    2.5319   1.1175 
HG        SAND            2    -0.097    0.03    0.1571    0.0063   0.0141    0.4513     0.01 HG        SAND            2    -0.097    0.03    0.1571    0.0063   0.0141    0.4513     0.01 
HG        UNDERFLOW      10      0.02    0.02      0.02         .        0         .        0 HG        UNDERFLOW      10      0.02    0.02      0.02         .        0         .        0 
HG        Diff (1-2)           0.0023    0.01    0.0177    0.0031   0.0045    0.0078   0.0035 HG        Diff (1-2)           0.0023    0.01    0.0177    0.0031   0.0045    0.0078   0.0035 
NI        SAND            2    -1.612     2.2    6.0119    0.1893   0.4243    13.538      0.3 NI        SAND            2    -1.612     2.2    6.0119    0.1893   0.4243    13.538      0.3 
NI        UNDERFLOW      10    2.1989   2.578    2.9571    0.3645   0.5299    0.9674   0.1676 NI        UNDERFLOW      10    2.1989   2.578    2.9571    0.3645   0.5299    0.9674   0.1676 
NI        Diff (1-2)           -1.276  -0.378      0.52    0.3636   0.5203    0.9131    0.403 NI        Diff (1-2)           -1.276  -0.378      0.52    0.3636   0.5203    0.9131    0.403 
SE        SAND            2       0.1     0.1       0.1         .        0         .        0 SE        SAND            2       0.1     0.1       0.1         .        0         .        0 
SE        UNDERFLOW      10       0.1     0.1       0.1         .        0         .        0 SE        UNDERFLOW      10       0.1     0.1       0.1         .        0         .        0 
SE        Diff (1-2)                .       0         .         .        0         .        . SE        Diff (1-2)                .       0         .         .        0         .        . 
AG        SAND            2    -0.871     0.4    1.6706    0.0631   0.1414    4.5128      0.1 AG        SAND            2    -0.871     0.4    1.6706    0.0631   0.1414    4.5128      0.1 
AG        UNDERFLOW      10    0.0615    0.08    0.0985    0.0178   0.0258    0.0471   0.0082 AG        UNDERFLOW      10    0.0615    0.08    0.0985    0.0178   0.0258    0.0471   0.0082 
AG        Diff (1-2)            0.232    0.32     0.408    0.0356    0.051    0.0895   0.0395 AG        Diff (1-2)            0.232    0.32     0.408    0.0356    0.051    0.0895   0.0395 
ZN        SAND            2    -8.101    13.5    35.101    1.0726   2.4042    76.717      1.7 ZN        SAND            2    -8.101    13.5    35.101    1.0726   2.4042    76.717      1.7 
ZN        UNDERFLOW      10    4.9366   5.431    5.9254    0.4754   0.6912    1.2618   0.2186 ZN        UNDERFLOW      10    4.9366   5.431    5.9254    0.4754   0.6912    1.2618   0.2186 
ZN        Diff (1-2)           6.3362   8.069    9.8018    0.7015    1.004    1.7619   0.7777 ZN        Diff (1-2)           6.3362   8.069    9.8018    0.7015    1.004    1.7619   0.7777 
BA        SAND            2    -4.294     4.6    13.494    0.4417   0.9899    31.589      0.7 BA        SAND            2    -4.294     4.6    13.494    0.4417   0.9899    31.589      0.7 
BA        UNDERFLOW      10    3.7931   5.052    6.3109    1.2104   1.7598    3.2127   0.5565 BA        UNDERFLOW      10    3.7931   5.052    6.3109    1.2104   1.7598    3.2127   0.5565 
BA        Diff (1-2)           -3.384  -0.452    2.4796    1.1868   1.6986    2.9809   1.3157 BA        Diff (1-2)           -3.384  -0.452    2.4796    1.1868   1.6986    2.9809   1.3157 
pcb_1242  SAND            2    -559.8     444    1447.8    49.845   111.72    3565.1       79 pcb_1242  SAND            2    -559.8     444    1447.8    49.845   111.72    3565.1       79 
pcb_1242  UNDERFLOW      10    126.31  144.03    161.75    17.035   24.767    45.214   7.8319 pcb_1242  UNDERFLOW      10    126.31  144.03    161.75    17.035   24.767    45.214   7.8319 
pcb_1242  Diff (1-2)           226.74  299.97     373.2    29.646   42.429    74.461   32.866 pcb_1242  Diff (1-2)           226.74  299.97     373.2    29.646   42.429    74.461   32.866 
pcb_1260  SAND            2    -71.36    21.4    114.16    4.6059   10.324    329.43      7.3 pcb_1260  SAND            2    -71.36    21.4    114.16    4.6059   10.324    329.43      7.3 
pcb_1260  UNDERFLOW      10    8.3325   11.91    15.487    3.4399    5.001    9.1298   1.5814 pcb_1260  UNDERFLOW      10    8.3325   11.91    15.487    3.4399    5.001    9.1298   1.5814 
pcb_1260  Diff (1-2)            -0.45    9.49     19.43     4.024   5.7591    10.107    4.461 pcb_1260  Diff (1-2)            -0.45    9.49     19.43     4.024   5.7591    10.107    4.461 
toc       SAND            2    -788.6    1435    3658.6    110.42   247.49    7897.4      175 toc       SAND            2    -788.6    1435    3658.6    110.42   247.49    7897.4      175 
toc       UNDERFLOW      10    539.92    1019    1498.1    460.65   669.71    1222.6   211.78 toc       UNDERFLOW      10    539.92    1019    1498.1    460.65   669.71    1222.6   211.78 
toc       Diff (1-2)           -688.8     416    1520.8    447.28   640.14    1123.4   495.85 toc       Diff (1-2)           -688.8     416    1520.8    447.28   640.14    1123.4   495.85 
OG        SAND            2    -122.2      43    208.18    8.2024   18.385    586.66       13 OG        SAND            2    -122.2      43    208.18    8.2024   18.385    586.66       13 
OG        UNDERFLOW      10    14.003   17.55    21.097    3.4102   4.9579    9.0512   1.5678 OG        UNDERFLOW      10    14.003   17.55    21.097    3.4102   4.9579    9.0512   1.5678 
OG        Diff (1-2)           12.543   25.45    38.357    5.2251   7.4781    13.124   5.7925 OG        Diff (1-2)           12.543   25.45    38.357    5.2251   7.4781    13.124   5.7925 
TRPH      SAND            2     -97.5    10.5     118.5    5.3631   12.021    383.59      8.5 TRPH      SAND            2     -97.5    10.5     118.5    5.3631   12.021    383.59      8.5 
TRPH      UNDERFLOW      10    20.058   20.85    21.642    0.7613   1.1068    2.0206     0.35 TRPH      UNDERFLOW      10    20.058   20.85    21.642    0.7613   1.1068    2.0206     0.35 
TRPH      Diff (1-2)           -17.16  -10.35    -3.544    2.7555   3.9437    6.9209   3.0548 TRPH      Diff (1-2)           -17.16  -10.35    -3.544    2.7555   3.9437    6.9209   3.0548 
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Table B2 
Sand and Underflow T-Test Results 
 
 
             Variable    Method           Variances      DF    t Value    Pr > |t| 
 
             AS          Pooled           Equal          10      -0.70      0.5012 
             AS          Satterthwaite    Unequal      1.44      -0.70      0.5803 
             CD          Pooled           Equal          10      -0.30      0.7669 
             CD          Satterthwaite    Unequal      9.95      -0.66      0.5215 
             CR          Pooled           Equal          10       0.35      0.7312 
             CR          Satterthwaite    Unequal      1.32       0.32      0.7928 
             CU          Pooled           Equal          10       2.52      0.0306 
             CU          Satterthwaite    Unequal      1.02       1.03      0.4886 
             PB          Pooled           Equal          10       2.38      0.0384 
             PB          Satterthwaite    Unequal      1.03       1.06      0.4782 
             HG          Pooled           Equal          10       2.89      0.0162 
             HG          Satterthwaite    Unequal         1       1.00      0.5000 
             NI          Pooled           Equal          10      -0.94      0.3704 
             NI          Satterthwaite    Unequal       1.7      -1.10      0.4026 
             SE          Pooled           Equal          10        .         . 
             SE          Satterthwaite    Unequal        10        .         . 
             AG          Pooled           Equal          10       8.10      <.0001 
             AG          Satterthwaite    Unequal      1.01       3.19      0.1908 
             ZN          Pooled           Equal          10      10.38      <.0001 
             ZN          Satterthwaite    Unequal      1.03       4.71      0.1273 
             BA          Pooled           Equal          10      -0.34      0.7383 
             BA          Satterthwaite    Unequal      2.55      -0.51      0.6536 
             pcb_1242    Pooled           Equal          10       9.13      <.0001 
             pcb_1242    Satterthwaite    Unequal      1.02       3.78      0.1609 
             pcb_1260    Pooled           Equal          10       2.13      0.0593 
             pcb_1260    Satterthwaite    Unequal       1.1       1.27      0.4103 
             toc         Pooled           Equal          10       0.84      0.4211 
             toc         Satterthwaite    Unequal       4.9       1.51      0.1915 
             OG          Pooled           Equal          10       4.39      0.0013 
             OG          Satterthwaite    Unequal      1.03       1.94      0.2970 
             TRPH        Pooled           Equal          10      -3.39      0.0069 
             TRPH        Satterthwaite    Unequal         1      -1.22      0.4375 
 
 
 
 
 

Table B3 
Sand and Underflow Equality of Variances Test Results 
 
 
                 Variable    Method      Num DF    Den DF    F Value    Pr > F 
 
                 AS          Folded F         9         1       1.00    1.0000 
                 CD          Folded F         9         1      36.23    0.2566 
                 CR          Folded F         1         9       1.32    0.5606 
                 CU          Folded F         1         9      22.22    0.0022 
                 PB          Folded F         1         9      13.53    0.0102 
                 HG          Folded F         1         9      Infty    <.0001 
                 NI          Folded F         9         1       1.56    1.0000 
                 SE          Folded F         1         9        .       . 
                 AG          Folded F         1         9      30.00    0.0008 
                 ZN          Folded F         1         9      12.10    0.0139 
                 BA          Folded F         9         1       3.16    0.8250 
                 pcb_1242    Folded F         1         9      20.35    0.0029 
                 pcb_1260    Folded F         1         9       4.26    0.1380 
                 toc         Folded F         9         1       7.32    0.5595 
                 OG          Folded F         1         9      13.75    0.0097 
                 TRPH        Folded F         1         9     117.96    <.0001 
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Table B4 
Fines (Silt/Clay) and Overflow Summary 
 
 
                             Lower CL          Upper CL  Lower CL           Upper CL 
Variable  TYPE            N      Mean    Mean      Mean   Std Dev  Std Dev   Std Dev  Std Err 
 
AS        FINES           2    4.4147    5.05    5.6853    0.0315   0.0707    2.2564     0.05 
AS        OVERFLOW       10    3.1251   3.445    3.7649    0.3076   0.4472    0.8165   0.1414 
AS        Diff (1-2)           0.8717   1.605    2.3383    0.2969   0.4249    0.7456   0.3291 
CD        FINES           2    0.6562   1.355    2.0538    0.0347   0.0778     2.482    0.055 
CD        OVERFLOW       10    0.7471  0.8208    0.8945    0.0709   0.1031    0.1882   0.0326 
CD        Diff (1-2)           0.3602  0.5342    0.7082    0.0705   0.1008     0.177   0.0781 
CR        FINES           2     50.09   79.95    109.81    1.4827   3.3234    106.05     2.35 
CR        OVERFLOW       10    43.629   48.75    53.871    4.9243   7.1592     13.07   2.2639 
CR        Diff (1-2)           19.338    31.2    43.062     4.802   6.8726    12.061   5.3235 
CU        FINES           2    55.555   75.25    94.945     0.978    2.192    69.948     1.55 
CU        OVERFLOW       10    46.111      50    53.889    3.7398   5.4371    9.9261   1.7194 
CU        Diff (1-2)           16.268   25.25    34.232    3.6365   5.2045    9.1335   4.0314 
PB        FINES           2    65.623   101.2    136.78    1.7667   3.9598    126.36      2.8 
PB        OVERFLOW       10    54.371   59.59    64.809    5.0183   7.2957    13.319   2.3071 
PB        Diff (1-2)            29.47   41.61     53.75    4.9146   7.0337    12.344   5.4483 
HG        FINES           2    3.3229    3.45    3.5771    0.0063   0.0141    0.4513     0.01 
HG        OVERFLOW       10    1.1581   1.294    1.4299    0.1307     0.19    0.3468   0.0601 
HG        Diff (1-2)           1.8448   2.156    2.4672     0.126   0.1803    0.3164   0.1397 
NI        FINES           2    20.747    27.1    33.453    0.3155   0.7071    22.564      0.5 
NI        OVERFLOW       10    17.502   18.98    20.458    1.4207   2.0655    3.7708   0.6532 
NI        Diff (1-2)           4.7162    8.12    11.524     1.378   1.9722    3.4611   1.5277 
SE        FINES           2    -0.171     1.1    2.3706    0.0631   0.1414    4.5128      0.1 
SE        OVERFLOW       10    0.5579  0.6489    0.7399    0.0875   0.1272    0.2321   0.0402 
SE        Diff (1-2)           0.2291  0.4511    0.6731    0.0899   0.1287    0.2258   0.0997 
AG        FINES           2    -0.377  0.8995    2.1765    0.0634   0.1421    4.5353   0.1005 
AG        OVERFLOW       10    0.4538  0.5292    0.6046    0.0725   0.1055    0.1925   0.0333 
AG        Diff (1-2)            0.181  0.3703    0.5596    0.0766   0.1097    0.1925    0.085 
ZN        FINES           2     -1699  148.56    1996.6    91.769   205.69    6563.6   145.45 
ZN        OVERFLOW       10    106.52  116.94    127.36    10.022    14.57    26.599   4.6074 
ZN        Diff (1-2)           -83.15  31.615    146.38    46.463   66.497     116.7   51.509 
BA        FINES           2    72.734   104.5    136.27    1.5774   3.5355    112.82      2.5 
BA        OVERFLOW       10    71.968   79.35    86.732    7.0976   10.319    18.838   3.2631 
BA        Diff (1-2)           8.1449   25.15    42.155    6.8843   9.8528    17.291    7.632 
pcb_1242  FINES           2    4345.6  5927.5    7509.4    78.553   176.07    5618.4    124.5 
pcb_1242  OVERFLOW       10    3642.6  4037.9    4433.2     380.1   552.61    1008.8   174.75 
pcb_1242  Diff (1-2)            979.7  1889.6    2799.5    368.36    527.2     925.2   408.37 
pcb_1260  FINES           2    298.44   317.5    336.56    0.9464   2.1213    67.692      1.5 
pcb_1260  OVERFLOW       10    92.963   109.9    126.84    16.285   23.676    43.224   7.4871 
pcb_1260  Diff (1-2)           168.82   207.6    246.38    15.701   22.471    39.436   17.406 
toc       FINES           2    -66573   21100    108773    4353.6   9758.1    311382     6900 
toc       OVERFLOW       10     42701   46480     50259    3633.9   5283.1    9644.8   1670.6 
toc       Diff (1-2)           -35538  -25380    -15222    4112.4   5885.7     10329   4559.1 
OG        FINES           2    -859.2     475    1809.2     66.25   148.49    4738.4      105 
OG        OVERFLOW       10    351.08     435    518.92    80.688   117.31    214.16   37.096 
OG        Diff (1-2)           -168.5      40    248.47    84.397   120.79    211.98   93.563 
TRPH      FINES           2    -619.4     270    1159.4    44.167   98.995    3158.9       70 
TRPH      OVERFLOW       10    271.76     338    404.24    63.688   92.592    169.04    29.28 
TRPH      Diff (1-2)           -228.9     -68    92.945    65.157   93.252    163.65   72.233 
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Table B5 
Fines (Silt/Clay) and Overflow T-Test Results     
 
 
             Variable    Method           Variances      DF    t Value    Pr > |t| 
 
             AS          Pooled           Equal          10       4.88      0.0006 
             AS          Satterthwaite    Unequal      9.99      10.70      <.0001 
             CD          Pooled           Equal          10       6.84      <.0001 
             CD          Satterthwaite    Unequal       1.8       8.36      0.0190 
             CR          Pooled           Equal          10       5.86      0.0002 
             CR          Satterthwaite    Unequal      3.39       9.56      0.0014 
             CU          Pooled           Equal          10       6.26      <.0001 
             CU          Satterthwaite    Unequal      4.26      10.91      0.0003 
             PB          Pooled           Equal          10       7.64      <.0001 
             PB          Satterthwaite    Unequal      2.68      11.47      0.0024 
             HG          Pooled           Equal          10      15.44      <.0001 
             HG          Satterthwaite    Unequal      9.44      35.40      <.0001 
             NI          Pooled           Equal          10       5.32      0.0003 
             NI          Satterthwaite    Unequal      5.53       9.87      0.0001 
             SE          Pooled           Equal          10       4.53      0.0011 
             SE          Satterthwaite    Unequal      1.35       4.19      0.0993 
             AG          Pooled           Equal          10       4.36      0.0014 
             AG          Satterthwaite    Unequal      1.23       3.50      0.1392 
             ZN          Pooled           Equal          10       0.61      0.5531 
             ZN          Satterthwaite    Unequal         1       0.22      0.8638 
             BA          Pooled           Equal          10       3.30      0.0081 
             BA          Satterthwaite    Unequal      5.53       6.12      0.0012 
             pcb_1242    Pooled           Equal          10       4.63      0.0009 
             pcb_1242    Satterthwaite    Unequal      6.16       8.81      0.0001 
             pcb_1260    Pooled           Equal          10      11.93      <.0001 
             pcb_1260    Satterthwaite    Unequal       9.6      27.19      <.0001 
             toc         Pooled           Equal          10      -5.57      0.0002 
             toc         Satterthwaite    Unequal      1.12      -3.57      0.1521 
             OG          Pooled           Equal          10       0.43      0.6781 
             OG          Satterthwaite    Unequal      1.26       0.36      0.7702 
             TRPH        Pooled           Equal          10      -0.94      0.3687 
             TRPH        Satterthwaite    Unequal      1.38      -0.90      0.4992 
 

 
 
 
Table B6 
Fines (Silt/Clay) and Overflow Equality of Variances Test Results  
 
 
                 Variable    Method      Num DF    Den DF    F Value    Pr > F 
 
                 AS          Folded F         9         1      40.01    0.2443 
                 CD          Folded F         9         1       1.76    1.0000 
                 CR          Folded F         9         1       4.64    0.6930 
                 CU          Folded F         9         1       6.15    0.6075 
                 PB          Folded F         9         1       3.39    0.7990 
                 HG          Folded F         9         1     180.47    0.1154 
                 NI          Folded F         9         1       8.53    0.5201 
                 SE          Folded F         1         9       1.24    0.5897 
                 AG          Folded F         1         9       1.82    0.4214 
                 ZN          Folded F         1         9     199.30    <.0001 
                 BA          Folded F         9         1       8.52    0.5205 
                 pcb_1242    Folded F         9         1       9.85    0.4854 
                 pcb_1260    Folded F         9         1     124.57    0.1389 
                 toc         Folded F         1         9       3.41    0.1956 
                 OG          Folded F         1         9       1.60    0.4747 
                 TRPH        Folded F         1         9       1.14    0.6257 
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Table B7 
Bulk and Feed Summary  
 
 
                             Lower CL          Upper CL  Lower CL           Upper CL 
Variable  TYPE            N      Mean    Mean      Mean   Std Dev  Std Dev   Std Dev  Std Err 
 
AS        BULK            2    0.9294     2.2    3.4706    0.0631   0.1414    4.5128      0.1 
AS        FEED           10    2.1377   2.805    3.4723    0.6416   0.9328    1.7028    0.295 
AS        Diff (1-2)           -2.134  -0.605    0.9242    0.6191    0.886    1.5549   0.6863 
CD        BULK            2    0.5473  0.6045    0.6617    0.0028   0.0064    0.2031   0.0045 
CD        FEED           10    0.4583  0.5809    0.7035    0.1179   0.1714    0.3128   0.0542 
CD        Diff (1-2)           -0.257  0.0236    0.3042    0.1136   0.1626    0.2853   0.1259 
CR        BULK            2    18.364    29.8    41.236    0.5679   1.2728    40.615      0.9 
CR        FEED           10    29.449   38.44    47.431    8.6451   12.569    22.945   3.9745 
CR        Diff (1-2)           -29.23   -8.64    11.951     8.336    11.93    20.937   9.2412 
CU        BULK            2    -37.08    32.8    102.68    3.4702   7.7782     248.2      5.5 
CU        FEED           10    28.542   37.81    47.078    8.9111   12.955    23.651   4.0968 
CU        Diff (1-2)           -26.64   -5.01    16.623    8.7579   12.534    21.997    9.709 
PB        BULK            2    33.535    43.7    53.865    0.5048   1.1314    36.102      0.8 
PB        FEED           10    32.818   41.69    50.562    8.5304   12.402    22.641   3.9218 
PB        Diff (1-2)           -18.31    2.01    22.325    8.2244   11.771    20.657   9.1176 
HG        BULK            2    1.0215   1.085    1.1485    0.0032   0.0071    0.2256    0.005 
HG        FEED           10    0.6547  0.8834    1.1121    0.2199   0.3198    0.5838   0.1011 
HG        Diff (1-2)           -0.322  0.2016    0.7252     0.212   0.3034    0.5324    0.235 
NI        BULK            2    4.4469    10.8    17.153    0.3155   0.7071    22.564      0.5 
NI        FEED           10    12.387  15.718    19.049     3.203   4.6566    8.5012   1.4726 
NI        Diff (1-2)           -12.55  -4.918    2.7162    3.0906   4.4233    7.7626   3.4263 
SE        BULK            2    0.4931  0.4995    0.5059    0.0003   0.0007    0.0226   0.0005 
SE        FEED           10    0.3762  0.5116     0.647    0.1302   0.1892    0.3455   0.0598 
SE        Diff (1-2)           -0.322  -0.012    0.2977    0.1254   0.1795     0.315   0.1391 
AG        BULK            2    -2.048  0.4995    3.0471    0.1265   0.2835    9.0481   0.2005 
AG        FEED           10    0.2617  0.3447    0.4277    0.0798    0.116    0.2117   0.0367 
AG        Diff (1-2)            -0.09  0.1548    0.3997    0.0992   0.1419    0.2491   0.1099 
ZN        BULK            2    49.417    76.1    102.78     1.325   2.9698    94.768      2.1 
ZN        FEED           10    62.753    81.4    100.05     17.93   26.067    47.589   8.2432 
ZN        Diff (1-2)           -48.01    -5.3    37.412    17.291   24.747     43.43   19.169 
BA        BULK            2     12.99   42.85     72.71    1.4827   3.3234    106.05     2.35 
BA        FEED           10    46.266   61.12    75.974    14.283   20.765    37.908   6.5664 
BA        Diff (1-2)           -52.32  -18.27    15.777    13.784   19.727     34.62   15.281 
pcb_1242  BULK            2    3341.5  3754.5    4167.5    20.506   45.962    1466.7     32.5 
pcb_1242  FEED           10      2356  2713.8    3071.6    344.04   500.17    913.12   158.17 
pcb_1242  Diff (1-2)           221.36  1040.7      1860     331.7   474.73    833.12   367.72 
pcb_1260  BULK            2     2.152      39    75.848    1.8298   4.1012    130.87      2.9 
pcb_1260  FEED           10    114.55  144.96    175.37    29.245   42.517     77.62   13.445 
pcb_1260  Diff (1-2)           -175.6    -106    -36.31    28.198   40.356    70.822    31.26 
toc       BULK            2     12053   27300     42547    757.14   1697.1     54153     1200 
toc       FEED           10     20471   26500     32529      5797   8427.9     15386   2665.1 
toc       Diff (1-2)           -13030     800     14630    5599.1   8013.4     14063   6207.1 
OG        BULK            2    92.938     220    347.06    6.3095   14.142    451.28       10 
OG        FEED           10    270.85     332    393.15    58.795   85.479    156.05   27.031 
OG        Diff (1-2)           -252.2    -112    28.171    56.747   81.216    142.53   62.909 
TRPH      BULK            2    121.47     185    248.53    3.1548   7.0711    225.64        5 
TRPH      FEED           10    209.04     259    308.96    48.034   69.833    127.49   22.083 
TRPH      Diff (1-2)           -188.4     -74    40.406    46.316   66.287    116.33   51.346 
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Table B8 
Bulk and Feed T-Test Results 
 
 
             Variable    Method           Variances      DF    t Value    Pr > |t| 
 
             AS          Pooled           Equal          10      -0.88      0.3987 
             AS          Satterthwaite    Unequal        10      -1.94      0.0807 
             CD          Pooled           Equal          10       0.19      0.8551 
             CD          Satterthwaite    Unequal      9.12       0.43      0.6744 
             CR          Pooled           Equal          10      -0.93      0.3718 
             CR          Satterthwaite    Unequal      9.72      -2.12      0.0608 
             CU          Pooled           Equal          10      -0.52      0.6171 
             CU          Satterthwaite    Unequal      2.34      -0.73      0.5313 
             PB          Pooled           Equal          10       0.22      0.8300 
             PB          Satterthwaite    Unequal      9.61       0.50      0.6268 
             HG          Pooled           Equal          10       0.86      0.4110 
             HG          Satterthwaite    Unequal      9.04       1.99      0.0775 
             NI          Pooled           Equal          10      -1.44      0.1817 
             NI          Satterthwaite    Unequal        10      -3.16      0.0101 
             SE          Pooled           Equal          10      -0.09      0.9324 
             SE          Satterthwaite    Unequal         9      -0.20      0.8443 
             AG          Pooled           Equal          10       1.41      0.1894 
             AG          Satterthwaite    Unequal      1.07       0.76      0.5798 
             ZN          Pooled           Equal          10      -0.28      0.7878 
             ZN          Satterthwaite    Unequal      9.83      -0.62      0.5474 
             BA          Pooled           Equal          10      -1.20      0.2594 
             BA          Satterthwaite    Unequal      9.98      -2.62      0.0257 
             pcb_1242    Pooled           Equal          10       2.83      0.0178 
             pcb_1242    Satterthwaite    Unequal      9.62       6.45      <.0001 
             pcb_1260    Pooled           Equal          10      -3.39      0.0069 
             pcb_1260    Satterthwaite    Unequal      9.67      -7.70      <.0001 
             toc         Pooled           Equal          10       0.13      0.9000 
             toc         Satterthwaite    Unequal       9.5       0.27      0.7902 
             OG          Pooled           Equal          10      -1.78      0.1054 
             OG          Satterthwaite    Unequal      9.95      -3.89      0.0031 
             TRPH        Pooled           Equal          10      -1.44      0.1801 
             TRPH        Satterthwaite    Unequal      9.72      -3.27      0.0088 
 

 
 
 
 
Table B9 
Bulk and Feed Equality of Variances Test Results   
 
 
                 Variable    Method      Num DF    Den DF    F Value    Pr > F 
 
                 AS          Folded F         9         1      43.50    0.2343 
                 CD          Folded F         9         1     725.01    0.0576 
                 CR          Folded F         9         1      97.51    0.1569 
                 CU          Folded F         9         1       2.77    0.8739 
                 PB          Folded F         9         1     120.16    0.1414 
                 HG          Folded F         9         1    2044.94    0.0343 
                 NI          Folded F         9         1      43.37    0.2347 
                 SE          Folded F         9         1    71613.0    <.0001 
                 AG          Folded F         1         9       5.98    0.0741 
                 ZN          Folded F         9         1      77.04    0.1764 
                 BA          Folded F         9         1      39.04    0.2472 
                 pcb_1242    Folded F         9         1     118.42    0.1424 
                 pcb_1260    Folded F         9         1     107.47    0.1495 
                 toc         Folded F         9         1      24.66    0.3102 
                 OG          Folded F         9         1      36.53    0.2555 
                                        TRPH        Folded F         9         1      97.53    0.1569 
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Appendix C   Chemical Analysis Sample Listing C1 



 
Table C1 
Green Bay Physical Separation Samples - ECB Lab ID #s 
Sample/Analyte TOC/TVS/O&G/TRPH PCBs PAHs Metals Soot 

Demo 

GB Underflow 1400-1715 (-1, -2) (solids) 90838-47 90808-17 N/A 90823-32  

GB Feed 1400-1715-1 (solids) 90848-52 90818-22 N/A 90833-37  

GB Feed 1400-1715-2 (solids) 90954-58 90924-28 N/A 90939-43  

GB Overflow 1400-1715 (-1, -2) (solids) 90944-53 90914-23 N/A 90929-38  

GB Overflow 1400-1715 -1 (supernatant)  90853-57 N/A 90904,6,8,10,12  

GB Overflow 1400-1715 -2 (supernatant)  90883-87 N/A 90905,7,9,11,13  

GB Feed 1400-1715 -1 (supernatant)  90858-62 N/A 90894,6,8,900,02  

GB Feed 1400-1715 -2 (supernatant)  90888-92 N/A 90895,7,9,901,03  

Supply Water  90789 N/A 90893  

MetPro Underflow 92103-4 92099-100 N/A 92107-8  

MetPro Overflow 92105-6 92101-2 N/A 92109-10  

MetPro Underflow Supernatant  92111 N/A 92113  

MetPro Overflow Supernatant  92112 N/A 92114  

Soot Samples     92455-514 

Carbon Treated Supernatant  92412 N/A 92413  

Cell 4 Characterization 

Cell 4, Bulk A,B 89589-90 89587-88 89591-92 89585-6 90795-802 

Cell 4 Sand 1,2 93027-28 93023-24 N/A 93019-20   

Silt/Clay 1,2 93029-30 93025-26 N/A 93021-22   

Clay 1,2 Cell 4 94943-4 94940-1 N/A 94937-8   

Silt Cell 4 94945 94942 N/A 94939   

Soot Samples     89607-18 

Cell 5 Characterization 

Bulk 1,2,3  89331-33 89343-45 89349-51 89337-39   

Bulk 4,5 89334-36 89346-48 89352-54 89340-42   

Bulk 1,2,3 <75um 89375-76 89379-80 89383-84 89371-72   

Bulk 1,2,3 >75um 89377-78 89381-82 89385-86 89373-74   

Bulk 1,2,3 >2.0 sp.gr. 89729 89725 89727 89723   

Bulk 1,2,3 <2.0 sp.gr. 89730 89726 89728 89724   

            

            

Wastewater  96653  96652   
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